relaxase) [12] , have modest growth requirements [13] , show unusual resistance to oxidative 63 stress [14] and tend to be associated with arid biomes, such as desert and high altitude soils 64 and with the surfaces of ancient monuments and natural stones [2, 15, 16] . 65 Blastococci form a well-supported clade in the Geodermatophilaceae 16S rRNA gene tree 66 [4, 17] and can be distinguished from members of other genera classified in this family using 67 a combination of phenotypic features [13] . They are Gram-stain positive, coccoid-shaped 68 bacteria that may be motile or non-motile and which may propagate by budding and multiple 69 fission; they have meso-A2pm in the peptidoglycan, mainly unsaturated and iso-branched 70 fatty acids; and complex phospholipid profiles which may include diphosphatidylglycerol, 71 phosphatidylcholine, phosphatidylethanolamine and phosphatidylinositol [4, 18] . At the time 72 of writing the genus encompasses 5 validly named species, namely Blastococcus aggregatus 73 [1, 4, 19] , the type species, Blastococcus capsensis [4] , Blastococcus endophyticus [4, 17] , 74
Blastococcus jejunensis [3, 4] , and Blastococcus saxobsidens [4, 19] , and one validly named 75 strain, Blastococcus colisei [20] . These bacteria were isolated from the Baltic Sea, an 76 archaeological Roman pool in Tunisia, the leaves of the medicinal Chinese plant 77
Camptotheca acuminata, beach sand off the coast of South Korea, a limestone sample from 78 a church in Malta and an archaeological amphitheatre, respectively, and can be distinguished 79 using a range of phenotypic properties [4] . In addition, "Candidatus Blastococcus 80 massiliensis" was identified, from a stool sample of a patient with anorexia nervosa [21] . 81
In a continuation of our studies on actinobacterial diversity in Atacama Desert habitats, 82 several strains were recovered from an extreme hyper-arid soil that had colonial and 83 morphological properties typical of blastococci. One of these isolates, strain P6 T , was the 84 subject of a polyphasic taxonomic study which showed that it represents a new Blastococcus 85 species, for which the name Blastococcus atacamensis sp. nov. is proposed. 86 87 Blastococcus strains were isolated from an extreme hyper-arid soil sample in November 2011 88 from the Yungay core region of the Atacama Desert on the eastern flank of the Cerro Aguas 89 Blancas (24º06'18.6"S/70º01º55.6W) at 1,033 metres above sea level. One gram of the soil 90 sample was suspended in 4.0 ml of ¼ strength Ringer's solution (Oxoid, product No. 91 BO0332D), this suspension was shaken on a tumble shaker prior to heating at 55ºC for six 92 minutes. Aliquots (100µl) of the 10 -1 and 10 -2 dilutions were spread, in triplicate, over GYM 93 Streptomyces (DSMZ medium No. 65) and Geodermatophilus obscurus media [22] 94 supplemented with nalidixic acid (10µg·ml -1 ), cycloheximide and nystatin (each at 25µg·ml -95 1 ). The isolation plates were dried for 15 minutes at room temperature before incubation, as 96 recommended by Vickers and Williams [23] . After incubation at 28ºC for 2 weeks, the 97 presumptive Blastococcus isolates were counted and expressed as the number of colony 98 forming units (cfu) per gram dry weight soil. 99
Small numbers of strains growing on the isolation plates were assigned to the genus 100
Blastococcus as they formed characteristic small, circular, reddish pink colonies with entire 101 margins; the highest count, 3.7·10 3 cfu/g dry weight soil, was recorded from the G. obscurus 102 medium plates and the corresponding number on the GYM Streptomyces medium plates was 103 2.7·10 3 cfu/g dry weight soil. A representative Blastococcus strain, isolate P6 T , was taken 104 from one of the GYM Streptomyces plates and along with the type strains of Blastococcus 105 species was maintained on GYM slopes at room temperature and as suspensions of cells in 106 20%, v/v glycerol at -20ºC and -80ºC. 107 The isolate was examined for motility and morphological properties using procedures 108 described by Trujillo et al. [24] . Cultural features were recorded on modified Bennett's 109 (DSMZ medium No. 894 at 28ºC for 3 weeks. The isolate was found to be a Gram-stain positive, non-motile 115 actinobacterium that formed rods and coccoid shaped cells with evidence of budding ( Fig.  116 1). Strain P6 T was observed to grow well on GYM Streptomyces, GPHF, modified Bennett's, 117 potato dextrose, Luedemann's, Reasoner's 2A and yeast extract-malt extract agar, as 118 exemplified in Figure S1 , but poorly on ISP media 1, 3 to 7, generally producing red-orange 119 or yellowish pink pigments; diffusible pigments were not obvserved on any of these media. 120
Biomass for most of the chemotaxonomic analyses carried out on isolate P6 T was harvested 121 from 1,000 ml yeast extract-malt extract broth ISP medium 2 that had been shaken in 500 ml 122 baffled Erlenmeyer flasks, each flask containing 200 ml of medium, at 180 revolutions per 123 minute (rpm) at 28ºC for 2 weeks; the biomass was washed twice in distilled water and 124 freeze-dried. Biomass for the fatty acid analysis was prepared on PYGV agar (DSMZ 125 medium No. 621) , modified by the inclusion of 2 g of peptone instead of casein, 2 g of yeast 126 extract and 10 ml of a 20% w/v glucose, after incubation at 20ºC for 16 days and washed 127 twice in sterile distilled water. 128
Isolate P6 T was examined for chemotaxonomic markers known to be of value in the 129 systematics of microorganisms classified in the genus Blastococcus [4, 18] [31] were used as standards. In turn, fatty acids extracted from the isolate were methylated, 134 analysed using the protocol of the Sherlock Microbial Identification (MIDI) system, version 135 5 [32] and the resultant peaks identified using the ACTIN 6 database. 136 In general, the chemotaxonomic properties of isolate P6 T are consistent with its classification 137 in the genus Blastococcus [4, 18, 20] . The organism contains meso-A2pm as the diagnostic 138 diamino acid (Fig. S2 ); MK-9(H2) and MK-9(H4) as predominant isoprenologues in a 139 proportion of 3:2 ( Fig. S3 ); iso-C16:0 (38.9%), iso-C16:1 H (17.7%), iso-C15:0 (14.2%) and 9-140 methyl-C16:0 (5.7%) as major fatty acids; a polar lipid profile that includes 141 diphosphatidylglycerol, phosphatidylcholine, phosphatidylethanolamine, 142 phosphatidylglycerol and phosphatidylinositol ( Fig. S4 ) and galactose and glucose as major 143 sugars with a lesser proportion of ribose and traces of arabinose and xylose ( Fig. S5 ). 144
Genomic DNA for 16S rRNA gene sequencing was extracted from 25 ml ISP 2 broth 145 incubated at 28°C, shaken at 180 rpm for 10 days; 5 ml of the fully grown culture were used 146 for genomic DNA extraction, following the protocol used by Kieser et al. [33] though in this 147 case incubation with protease K was conducted at 60ºC until the solution became clear 148 (~1.5h); the quality of the isolated genomic DNA was checked in a 1%, w/v agarose gel run 149 properties. Enzyme profiles were determined using API ZYM strips (BioMérieux) by 192 following the manufacturer's instructions, while GEN III microplates (Biolog Inc., Hayward, 193 CA, USA) were used to test for the ability of the strains to oxidise carbon and nitrogen 194 sources and to determine resistance to inhibitory compounds using inoculating fluid 195 Biolog Inc.) and a cell density of 86% transmittance in an OmniLog instrument (Biolog Inc.) 196 set at 28ºC. Data from the triplicated cultures recorded in Phenotypic Mode from the GENIII 197 microplates were analysed using opm package 1.0.6 [46] for R [47], using R studio [48] . 198 Many of the remaining tests were carried out using ISP 2 agar [25] as the basal medium. The 199 strains were examined for their ability to grow at a range of pH values (pH 5-10 at single 200 unit intervals; pH was adjusted by adding drops of either 1N NaOH or 1N HCl as described 201
by ) and temperatures (4, 10, 20, 28, 37, 40, 45 and 50ºC) and 202 in the presence of various concentrations of sodium chloride (1.0, 1.5, 3.0, 5.0, 7.0, 15.0 and 203 20%, w/v). Apart from the temperature tests these features were recorded after incubation at 204 28ºC. Results of all of these tests were recorded after incubation for 3 weeks. The ISP 2 205 medium was also used to test the capacity of the strains to degrade casein (1%), cellulose 206 (1%), elastin (0.3%), guanine (0.5%), hypoxanthine (0.4%), L-tyrosine (0.4%), uric acid 207 (0.5%) and xanthine (0.4%), their ability to degrade tributyrin was determined using 208 tributyrin agar (Sigma-Aldrich). Results of all of these tests were recorded after incubation 209 at 28ºC for 14 days. Aesculin (0.1%) and arbutin (0.1%) hydrolysis was established using the 210 media and methods described by Williams et al. [50] , the hydrolysis of urea (0.2%, w/v) after The triplicated tests on isolate P6 T and B. saxobsidens DSM 44509 T gave identical results for 219 all of the phenotypic tests, apart from the ability of isolate P6 T to degrade arbutin. 220
The phenotypic properties of isolate P6 T and B. saxobsidens DSM 44509 T strains were 221 compared with those of the other type strains of Blastococcus species, which had mainly been 222 examined using the same procedures, as exemplified by the API, GENIII microplate, 223 tolerance and catalase tests [4, 20] . It can be seen from Table 1 of phenotypic features. It can be distinguished from each of these organisms by its ability to 227 grow at 10 and 45°C, to reduce nitrate to nitrite and use dextrin, α-keto-butyric acid and D-228 malic acid, and by its inability to use glucuronamide and D-saccharic acid as sole carbon 229 sources. It can also be separated from the B. saxobsidens type strain by its capacity to oxidise 230 pectin and D-salicin. It is also evident from Table 1 that Biomass for sequencing the whole-genome of isolate P6 T was prepared in a 1.5 ml of brain-242 heart infusion broth at 28°C in a shaking incubator (180 rpm) for 2 days. Genomic DNA of 243 strains was extracted using the QIAamp DNA extraction kit (Qiagen, USA) according to the 244 manufacturer's instructions. The purity and concentration of the extracted genomic DNA 245
were measured using the Nanodrop spectrophotometer (NanoDrop Technologies, UK). 246
Genome sequencing was performed on an Illumina MiSeq instrument (Illumina); the reads 247 were assembled by using SPAdes 3.9.0 [55] and contigs smaller than 1,000 bp in size were 248 discarded. The draft assemblies have been submitted to the GenBank (accession numbers: 249 POQU00000000 and POQT00000000) and is publicly available. 250
The genomes were annotated using the RAST annotation pipeline [56] and a sequenced based 251 comparison performed in the SEED Viewer [56, 57] The draft genomes of isolates P6 T and B. saxobsidens DSM 44509 T were examined using the 264 antiSMASH server [62] to detect putative biosynthetic gene clusters. The genome of isolate 265 P6 T was found to encode for a T3PKS and corresponding residues that make up the catalytic 266 triad found in RppA, a T3PKS involved in the biosynthesis of pentaketide 1,3, 6, tetrahydroxnaphthalene in Streptomyces griseus [63, 64] . The T3PKS of isolate P6 T showed 268 94% sequence identity with a corresponding sequence detected in the genome of the B. 269 saxobsidens strain and 83% identity with a putative T3PKS encoded in the genome of G. 270 obscurus DSM 43160 T (Gobs_4821; UniProt [65], accession number: D2S5V1). The gene 271 that encodes for the T3PKS of isolate P6 T was surrounded by other biosynthetic genes, such 272 as one encoding for a methyltransferase and others encoding regulatory and transport 273 proteins, thereby suggesting the presence of a biosynthetic gene cluster though the 274 functionality and product generated by this putative biocluster has still to be established. The 275 genomes of isolate P6 T and the B. saxobsidens strain were also found to harbour genes 276 encoding for polyprenyl synthetase and phytoene synthase, enzymes involved in the 277 biosynthesis of terpenoid compounds [66, 67] . The genome of the B. saxobsidens strain 278 contains two genes that encode for proteins that contain the IucA/IucC domain (Pfam [68] 279 accession: pfam04183) which is involved in the biosynthesis of siderophore compounds [69] . 280
The genome of the type strain of Modestobacter caceserii which, like P6 T , was isolated from 281 an extreme hyper-arid soil sample collected from the Yungay core region of the Atacama 282 Desert, contained a siderophore gene cluster predicted to encode for deferoxamine; the 283 genome of this organism also contained gene clusters encoding for type II and III polyketides 284 and terpenes [70] . These preliminary datasets suggest that the genomes of 285
Geodermatophilaceae strains have the capacity to produce specialised metabolites such as 286 polyketides and siderophores. However, antiSMASH does not necessarily detect all of the 287 gene clusters in genomes, as exemplified by the failure to identify the hygromycin A gene 288 cluster in Streptomyces leewenhoekii C34 T [71], moreover an improved genome assembly is 289 required for a more precise interpretation of predicted biosynthesis gene clusters in the 290 genome of isolate P6 T . 291 292 A comparison of the genomes of isolate P6 T and B. saxobsidens DSM 44509 T showed that 293 the genome of the former contains 474 genes that are absent from the genome of the latter, 294
including those involved in stress responses (2 copies of terA and 3 copies of terD genes; P6-295 peg 850-P6-peg 855) [72] . In contrast, the genome of the B. saxobsidens strain harbours 296 2,848 genes that are absent from isolate P6 T (data not shown); these genes include multiple 297 copies of the tetA, tetB, and tetC genes that are involved in tricarboxylate/citrate transport. 298
However, most of the unique genes (54-66%) found in the genomes of these strains encode 299 for hypothetical proteins. 300
The genomes of isolate P6 T and the B. saxobsidens DSM 44509 T contained 119 and 147 301 genes, respectively that are associated with stress responses (Table S1 ). Each of the strains 302 contained two genes involved in carbon starvation, one encoding for carbon starvation 303 protein A and the other for a carbon storage regulatory protein indicating that they are adapted 304 to life in low carbon environments [73] [74] [75] . Similarly, four genes belonging to the CspA 305 family associated with responses to cold-shock [76], 13 genes of the dnaK gene cluster that 306 respond to heat shock [77] and seven genes associated with the biosynthesis, uptake and 307 utilisation of trehalose, which are considered to help in responses to heat and desiccation 308 stress [78] , are conserved in each of the strains. The genomes of the strains also contain genes 309 belonging to the uvrABC DNA repair system that assists in UV resistance [79] , as well as 310
Rec proteins (RecA, RecX and those involved in the RecBCD and RecFOR pathways) that 311 are responsible for stabilising genomes [80] . The P6 T genome contains a coxGMLS gene 312 cluster and a coxD gene, whereas the B. saxobsidens strain has five copies of the coxM gene 313 and two copies of the coxS gene, though the gene encoding for the coxG protein is absent; 314 cox genes code for the utilisation of carbon monoxide, thereby indicating that these 315 organisms may have a chemolithoautotrophic lifestyle [81] . 316
The proteins involved in responses to oxidative stress are, with minor exceptions, conserved 317 in the genomes of isolate P6 T and B. saxobsidens DSM 44509 T (Table S1 ). The P6 T genome 318 contains eight genes involved in responses to osmotic stress, notably choline dehydrogenase, 319 and ABC transporter proteins for betaine, glycine and L-proline uptake and a high affinity 320 choline uptake protein (betT) [82, 83] . In turn, only the B. saxobsidens strain has a sox gene 321 cluster encoding the subunit of sarcosine oxidase, along with additional copies of betT and 322 transport proteins. Sarcosine oxidase is associated with responses to osmotic stress [84, 85] desiccation (biosynthesis and uptake of trehalose; [78] ). The genomes of these strains also 340 contain multiple cox genes suggesting that Geodermatophilaceae strains from the Atacama 341 may be able to use carbon monoxide as a carbon and energy source, an observation in line 342 with the suggestion that facultatively chemoautotrophic bacteria may sustain microbial 343 communities in the nutrient impoverished high altitude Atacama Desert soils [88, 89] . 344
Biological adaptations such as these may account for the presence of blastococci in habitats 345 characterised by scarcity of available water, low nutrient availability and extremes of 346 temperature and UV radiation levels [2, 14] . 
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